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(57) ABSTRACT

Provided is a method of manufacturing a scintillator panel
configured to convert radiation into scintillation light, the
method including a first process of forming a plurality of
convex sections that protrude from a rear surface toward a
front surface of the substrate in a predetermined direction and
concave section defined by the convex sections on the front
surface of the substrate having the front surface and the rear
surface, a second process of forming first scintillator units
respectively extending from the convex sections of the sub-
strate in the predetermined direction through crystal growth
of a columnar crystal of a scintillator material, and a third
process of radiating a laser beam to contact portions of the
first scintillator units extending from the adjacent convex
sections and separating the first scintillator units extending
from the adjacent convex sections by scanning the concave
section with the laser beam.
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1
SCINTILLATOR PANEL MANUFACTURING
METHOD, SCINTILLATOR PANEL, AND
RADIATION DETECTOR

TECHNICAL FIELD

An aspect of the present invention relates to a method of
manufacturing a scintillator panel, a scintillator panel, and a
radiation detector.

BACKGROUND ART

In the related art, an apparatus including independent scin-
tillators for each pixel of a two-dimensional optical sensor is
known. For example, in Patent Literature 1, there is disclosed
a radiation detection apparatus including an optical detection
panel having a plurality of pixels formed on a substrate,
wherein a plurality of convex patterns are formed on at least
one pixel of the plurality of pixels on the optical detection
panel, and columnar crystals of the scintillator are grown on
upper surfaces of the plurality of convex patterns.

In addition, in Patent Literature 2, there is disclosed an
X-ray plane detector including a plurality of pixel units
arranged in a two-dimensional array, wherein each of the
pixel units has a scintillator unit configured to convert X-rays
entering from a predetermined input surface into light, and
interruption regions formed between the scintillator units of
the adjacent pixel units such that the scintillator units are not
continuous. The interruption regions are formed by forming
grooves throughout the entire width of a scintillator layer
through radiation of the laser beam to the scintillator layer. In
Patent Literature 3, there is disclosed an X-ray imaging appa-
ratus including a scintillator layer divided into optically inde-
pendent pixels by grooves formed by laser ablation.

CITATION LIST
Patent Literature

[Patent Literature 1] Japanese Patent No. 2547908

[Patent Literature 2] Japanese Patent Unexamined Applica-
tion, First Publication No. 2003-167060

[Patent Literature 3] U.S. Pat. No. 6,921,909

SUMMARY OF INVENTION
Technical Problem

In the apparatuses disclosed in Patent Literatures 1 and 2, a
decrease in MTF due to crosstalk in the scintillator unit or the
like is suppressed by forming the independent scintillator for
each of the pixels of the two-dimensional optical sensor in
comparison with a case in which the scintillators are formed
on the entire surface of the two-dimensional optical sensor.

Here, in order to improve sensitivity characteristics of the
scintillator panel, an increase in film thickness of the scintil-
lator may be required. However, since a columnar crystal of
the scintillator has a property in which a columnar diameter
increases according to a distance from an origin of crystal
growth, like the radiation detection apparatus disclosed in
Patent Literature 1, in the case in which the crystal of the
scintillator is grown on the upper surface of the convex pat-
tern, when a film thickness of the scintillator is increased, the
adjacent scintillators may come in contact with each other.
While increasing a formation pitch of the convex patterns
may be considered to secure independence of the scintillators,
in this case, an aperture ratio may decrease. Meanwhile, in the
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X-ray plane detector disclosed in Patent Literature 2, since
the grooves are formed throughout the entire thickness of the
scintillator layer, deterioration of the columnar crystal of the
scintillator caused by radiation of the laser beam occurs
throughout the entire thickness of the scintillator layer, and a
decrease in brightness may increase. Further, as disclosed in
Patent Literature 3, when the scintillator layer having a large
thickness is processed by laser ablation, a laser beam incident
portion of the scintillator layer is processed through a wider
range than the laser beam processing tip portion, and thus the
grooves formed by the laser beam are formed in wedge
shapes. For this reason, since the processing range ofthe laser
beam incident portion increases as the thickness of the scin-
tillator layer increases, more than a necessary groove width of
the scintillator layer may be lost, which may cause a decrease
in X-ray absorption performance.

In consideration of the above-mentioned circumstances, an
aspect of the present invention is directed to provide a method
of manufacturing a scintillator panel, a scintillator panel, and
a radiation detector that are capable of increasing a film
thickness while suppressing deterioration of a crystal.

Solution to Problem

In order to solve these problems, according to an aspect of
the present invention, there is provided a method of manufac-
turing a scintillator panel configured to convert radiation into
scintillation light, the method including: a first process of
forming a plurality of convex sections that protrude in a
predetermined direction from a rear surface toward a front
surface and concave section defined by the convex sections,
on the front surface of the substrate having the front surface
and the rear surface; a second process of forming first scin-
tillator units respectively extending from the convex sections
of'the substrate in the predetermined direction through crystal
growth of a columnar crystal of a scintillator material; and a
third process of radiating a laser beam to contact portions of
the first scintillator units extending from the adjacent convex
sections and separating the first scintillator units extending
from the adjacent convex sections by scanning the laser beam
along the concave section.

In the method of manufacturing the scintillator panel, as
the columnar crystals of the scintillator material are grown,
the first scintillator units respectively extending from the
convex sections of the substrate in the predetermined direc-
tion are formed. For this reason, for example, the first scin-
tillator units are formed to be separated from each other by a
predetermined height with upper surfaces of the convex sec-
tions as an origin, and formed on the concave section at the
predetermined height or more to come in contact with each
other. Accordingly, as the concave section is scanned with the
laser beam, when the laser beam is radiated to the contact
portions between the first scintillator units to separate the first
scintillators from each other, the first scintillator units having
an increased thickness are obtained. In addition, since the
laser beam may be preferably radiated to only the contact
portion upon separation of the first scintillator units, deterio-
ration of the crystals can be suppressed. Further, a groove
width formed by laser processing can be suppressed from
increasing beyond a groove width needed for suppression of
crosstalk.

The method of manufacturing the scintillator panel accord-
ing to the aspect may further include a fourth process of
forming second scintillator unit on bottom surfaces of the
concave section of the substrate, before the third process. In
this case, since the second scintillator unit formed on the
bottom surfaces of the concave section function as a protec-
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tive film, damage to interconnections or the like installed on
the substrate when the laser beam is radiated can be pre-
vented.

In the method of manufacturing the scintillator panel
according to the aspect, in the first process, in the first process,
the concave section defined in a lattice shape are formed on
the front surface of the substrate by forming the convex sec-
tions to be arranged on the front surface of the substrate in a
two-dimensional array, and in the fourth process, a thickness
of the second scintillator unit in a crossing region of the
concave section may be larger than a thickness of the second
scintillator unit at a position other than the crossing region. In
this case, when a lattice-shaped concave section is scanned
with the laser beam, since the second scintillator unit having
a relatively larger thickness function as the protective film in
the crossing region of the concave section to which the laser
beam is radiated twice, damage to interconnections or the like
installed on the substrate can be securely prevented.

According to another aspect of the present invention, there
is provided a scintillator panel configured to convert radiation
into scintillation light, the scintillator panel including: a sub-
strate having a front surface and rear surface, the substrate is
formed with a plurality of convex sections protruding from
the front surface in a predetermined direction from the rear
surface toward the front surface, and concave section defined
by the convex sections; and a plurality of first scintillator units
respectively extending from the convex sections in the pre-
determined direction and separated from each other, wherein
the first scintillator units are respectively formed through
growth of a plurality of columnar crystals on the convex
sections, and at least a part of the columnar crystals consti-
tuting the first scintillator unit over bottom surface of the
concave section are fused and adhered to each other through
radiation of a laser beam.

In the scintillator panel, since a range in which the plurality
of columnar crystals are fused and adhered to each other is
limited to at least a part on the bottom surfaces of the concave
section, deterioration of the crystals is small.

In the scintillator panel according to the aspect, the scin-
tillator panel may further include second scintillator unit
formed on the bottom surfaces of the concave section of the
substrate. In this case, upon manufacture thereof, for
example, when the concave section is scanned with the laser
beam to separate the first scintillator units from each other,
since the second scintillator unit formed on the bottom sur-
faces of the concave section function as the protective film,
damage to interconnections or the like installed on the sub-
strate can be prevented.

In the scintillator panel according to the aspect, the convex
sections may be arranged on the front surface of the substrate
in a two-dimensional array, the concave section may be
defined on the front surface of the substrate by the convex
sections in a lattice shape, and a thickness of the second
scintillator unit in a crossing region of the concave section
may be larger than a thickness of the second scintillator unit
at a position other than the crossing region. For this reason, as
described above, upon manufacture thereof, for example,
when the concave section is scanned with the laser beam to
separate the first scintillator units from each other, as the
second scintillator unit having a relatively larger thickness
function as the protective film in the crossing region to which
the laser beam is radiated twice, the substrate can be suffi-
ciently protected.

In the scintillator panel according to the aspect, at least a
part of the second scintillator unit may be solidified after
being melted by radiation of the laser beam.
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4

According to another aspect of the present invention, there
is provided a radiation detector including the above-men-
tioned scintillator panel, in which the substrate is a sensor
panel having a plurality of photoelectric conversion elements
arranged to be optically coupled to the first scintillator unit.
As described above, since the radiation detector includes the
scintillator panel that can be increased in thickness while
suppressing deterioration of the crystals, characteristics such
as MTF or the like can be improved. In particular, since the
substrate is the sensor panel including the photoelectric con-
version elements, the convex sections can be directly formed
on the photoelectric conversion elements, and the scintillator
units can be formed on the convex sections. For this reason,
there is no need to attach the scintillator panel and the sensor
panel, which are separately prepared.

Advantageous Effects of Invention

According to an aspect of the present invention, it is pos-
sible to provide a method of manufacturing a scintillator
panel, a scintillator panel, and a radiation detector that are
capable of increasing a film thickness while suppressing dete-
rioration of a crystal.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of a scintillator panel accord-
ing to an embodiment;

FIG. 2 is a partial plan view of the scintillator panel shown
in FIG. 1;

FIG. 3 is a cross-sectional view taken along line of FIG. 2;

FIG. 4 is a cross-sectional view taken along line V-1V of
FIG. 2;

FIG. 5 is a cross-sectional view showing a scintillator panel
manufacturing procedure according to the embodiment;

FIG. 6 is a partial plan view showing the scintillator panel
manufacturing procedure according to the embodiment;

FIG. 7 is a cross-sectional view showing the scintillator
panel manufacturing procedure according to the embodi-
ment; and

FIG. 8 is a partial plan view showing the scintillator panel
manufacturing procedure according to the embodiment.

DESCRIPTION OF EMBODIMENTS

Hereinafter, a method of manufacturing a scintillator panel
and a scintillator panel manufactured by the manufacturing
method according to the embodiment will be described with
reference to the accompanying drawings. Further, in the
drawings, the same or corresponding portions are designated
by the same reference numerals, and overlapping description
thereof will be omitted. The scintillator panel of the embodi-
ment to be described below is a panel configured to convert an
entered radiation R such as an X-ray or the like into scintil-
lation light such as visible light or the like, and for example,
may be used as a device for radiation imaging in a mammog-
raphy apparatus, a chest inspection apparatus, a CT appara-
tus, a dental photography apparatus, a radiation camera, and
SO on.

First, a scintillator panel according to the embodiment will
be described. FIG. 1 is a perspective view of the scintillator
panel according to the embodiment of the present invention.
FIG. 2 is a partial plan view of the scintillator panel shown in
FIG. 1. FIG. 3 is a cross-sectional view taken along line I1I-1I1
of the scintillator panel shown in FIG. 2. FIG. 4 is a cross-
sectional view taken along line IV-IV of the scintillator panel
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shown in FIG. 2. As shown in FIGS. 1 to 4, the scintillator
panel 1 includes a rectangular substrate 10.

The substrate 10 has a front surface 10a and a rear surface
105 opposite to each other. The substrate 10 has a concavo-
convex pattern Pa formed on the front surface 10a. As a
material of the substrate 10, for example, a metal such as Al,
SUS (stainless steel), or the like, a resin film such as a poly-
imide, polyethylene terephthalate, polyethylene naphthalate,
or the like, a carbon-based material such as amorphous car-
bon, a carbon-fiber-reinforced plastic, or the like, and a fiber
optic plate (FOP: an optical device obtained by binding a
plurality of optical fibers having a diameter of several microns
(for example, J5734 manufactured by Hamamatsu Photonics
Company Limited)) or the like, may be used. As a material of
the concavoconvex pattern Pa, for example, a high aspect
resist, which is also referred to as an epoxy based resin
(KMPR, SU-8 or the like manufactured by Nippon Kayaku
Co., Ltd), silicon, glass, and so on may be used.

In particular, a material of a convex section constituting the
concavoconvex pattern Pa may be a material having perme-
ability with respect to scintillation light generated in a scin-
tillator unit 20, and in this case, the scintillator panel 1 and the
sensor panel having photoelectric conversion elements may
be bonded at the rear surface 105 side of the substrate 10 to
constitute a radiation detector. In addition, the concavocon-
vex pattern Pa may be constituted by the same scintillator
material (for example, CsI (cesium iodide)) as the scintillator
unit 20 (which will be described below).

The concavo-convex pattern Pa is formed of a plurality of
convex sections 11 and concave section 12 defined by the
convex sections 11. That is, the plurality of convex sections
11 and concave section 12 are formed at the front surface 10a
of'the substrate 10. The convex sections 11 protrude from the
front surface 10q in a predetermined direction from the rear
surface 105 toward the front surface 10a of the substrate 10
(here, an incidence direction of the radiation R, and a direc-
tion perpendicular to the front surface 10q or the rear surface
105 of the substrate 10). Each of the convex sections 11 is
formed in a rectangular parallelepiped shape. The convex
sections 11 are periodically arranged on the front surface 10a
of'the substrate 10 in a two-dimensional array along an X axis
and a'Y axis parallel to the substrate 10 and perpendicular to
each other. Accordingly, the concave section 12 defined by
the convex sections 11 is groove forming a rectangular lattice
shape when seen in a plan view. Hereinafter, a region in which
a region extending in the X-axis direction of the concave
section 12 and a region extending in the Y-axis direction cross
each other is referred to as a crossing region C.

In dimensions of the concavo-convex patterns Pa, for
example, when a pitch P of the convex section 11 (a formation
period of the convex section 11) is about 127 pm, a width (a
groove width) W of the concave section 12 may be about 45
to 200 pm, and when the pitch P of the convex section 11 is
about 200 pm, the width W of the concave section 12 may be
about 50 um to 70 um. In addition, a height H of the convex
section 11 may be about 2.5 pm to 50 um. In particular, in the
embodiment, the pitch P of the convex section 11 is about 200
um, the width W of the concave section 12 is about 70 pm, and
the height H of the convex section 11 is about 15 um.

The scintillator panel 1 includes the plurality of scintillator
units (first scintillator units) 20 formed on the convex sections
11, and scintillator units (second scintillator unit) 30 and 30a
formed in the concave section 12. The scintillator units 20 are
separated from each other (i.e., the scintillator panel 1 has a
discrete type scintillator unit). The scintillator unit 20 may be
formed by a scintillator material forming a columnar crystal,
for example, referred to as Csl (cesium iodide). A height (a
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scintillator film thickness) T of the scintillator unit 20 may be,
for example, about 100 um to 600 pum.

The scintillator units 20 extend from the convex sections 11
in a predetermined direction, and are separated from each
other. The scintillator unit 20 has a first portion 21 and a
second portion 22. The first portion 21 forms a rectangular
shape corresponding to a shape of the convex section 11 when
seenina plan view. The second portion 22 forms a rectangular
ring shape to cover side sections of the first portion 21 when
seen in a plan view. The first portion 21 extends from an upper
surface 11a of the convex section 11 in an incidence direction
of the radiation R (a direction substantially perpendicular to
the substrate 10). More specifically, the first portion 21 is
constituted by a plurality of columnar crystals C1 of a scin-
tillator material formed through crystal growth from the
upper surface 11a of the convex section 11 in the incidence
direction of the radiation R.

The second portion 22 extends from a side surface 115 of
the convex section 11 in the incidence direction of the radia-
tion R to come in contact with the first portion 21. The second
portion 22 is formed to overhang sideward from the side
surface 115 of the convex section 11 and is disposed over a
bottom surface of the concave section 12. The second portion
22 is integrally formed with the first portion 21 (adhered to the
first portion 21). More specifically, the second portion 22 is
constituted by a plurality of columnar crystals C2 of a scin-
tillator material formed through crystal growth in a direction
(a direction crossing a predetermined direction) crossing the
incidence direction (a direction substantially perpendicular to
the substrate 10) of the radiation R from the side surface 115
of the convex section 11, and extends in the incidence direc-
tion of the radiation R as a whole. The columnar crystal C2 is
formed at the entire side surface 115 of the convex section 11.

The columnar crystal C1 constituting the first portion 21
forms a tapered shape having a diameter that increases away
from the upper surface 11a of the convex section 11. That is,
a columnar diameter of the columnar crystal C1 increases
away from the upper surface 11a of the convex section 11
(i.e., from a base end section of the upper surface 11a side
toward a front end section of an opposite side). The columnar
crystal C2 constituting the second portion 22 forms a tapered
shape having a diameter that increases away from the side
surface 115 of the convex section 11. That is, the columnar
diameter of the columnar crystal C2 increases away from the
side surface 115 of the convex section 11 (i.e., from the base
end section of the side surface 115 side toward the front end
section of the opposite side).

Inparticular, a magnification rate of the columnar diameter
of'the columnar crystal C2 is larger than a magnification rate
of a columnar diameter R1 of the columnar crystal C1.
Accordingly, for example, in the front end sections, the
columnar diameter of the columnar crystal C2 is relatively
larger than the columnar diameter of the columnar crystal C1.
Further, the height H of the above-mentioned convex section
11 is larger than at least the columnar diameter of the base end
sections of the columnar crystal C1 constituting the first por-
tion 21 and the columnar crystal C2 constituting the second
portion 22. Accordingly, the plurality of columnar crystals C1
or columnar crystals C2 are formed on the upper surface 11a
or the side surface 115 of the convex section 11.

The second portion 22 has an upper section 22a and a lower
section 225b. The upper section 224 is a portion of the second
portion 22 closer to a front end side than a height T1 serving
as an intermediate position in the height direction of the
scintillator unit 20. The lower section 224 is a portion of the
second portion 22 closer to a base end side than the height T1.
A part of the front end side of the upper section 22a becomes
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a fusion-bonding section 22¢. The fusion-bonding section
22c¢is aregion formed by a laser beam radiated to separate the
plurality of scintillatorunits 20 from each other, and is formed
at an outer side surface of the upper section 22q. In the
adjacent the scintillator units 20, the fusion-bonding sections
22c¢ are separated from each other. In addition, the lower
sections 225 of the adjacent scintillator units 20 are separated
from each other. In the fusion-bonding sections 22¢, the plu-
rality of columnar crystals C2 are fused and adhered to each
other, and a columnar structure is collapsed. In addition, in the
fusion-bonding sections 22¢, the front end section of the
columnar crystal C2 is destroyed by radiation of the laser
beam.

In this way, the plurality of scintillator units 20 are sepa-
rated from each other by radiation of the laser beam, and gaps
S are formed between the adjacent scintillator units 20. The
gaps S are formed by the adjacent scintillator units 20 and
bottom surfaces of concave section 12. The gaps S have an
interval D1 between the upper sections 22a opposite to each
other via the gaps S, and have a larger interval D2 than the
interval D1 between the lower sections 225 opposite to each
other via the gaps S. However, the gaps S have a wedge shape
and an interval is increased toward the front end section of the
scintillator unit 20 at a laser beam incidence position A (a
position between the front end sections of the scintillator
units 20). That is, the gaps S have an hourglass shape con-
stricted at an intermediate position in the height direction (a
position between the upper sections 22a opposite to each
other via the gaps S) as a whole.

The scintillator units 30 and 304 are formed in the concave
section 12, in particular, on a bottom surface 12a of the
concave section 12. The scintillator unit 30 is formed in a
region different from the region corresponding to a lattice
point of the lattice-shaped concave section 12 when seen in a
plan view, i.e., in a region other than the crossing region C of
the concave section 12. The scintillator unit 30« is formed in
a region corresponding to the lattice point of the lattice-
shaped concave section 12 when seen in a plan view, i.e., in
the crossing region C of the concave section 12. The scintil-
lator units 30 and 30qa are integrally formed with the entire
concave section 12. The height H1 ofthe scintillator unit 30 is
configured to be smaller than the height H of the convex
section 11. In addition, the height H2 of the scintillator unit
30a is configured to be larger than the height H of the convex
section 11. That is, the thickness of the scintillator unit 30a is
configured to be larger than the thickness of the scintillator
unit 30. The scintillator units 30 and 30q function as a pro-
tective film configured to protect the substrate 10 from radia-
tion of the laser beam (to be described below).

The scintillator units 30 and 30a are constituted by a plu-
rality of columnar crystals of a scintillator material referred to
as Csl, like the first portion 21 and the second portion 22 of the
scintillator unit 20. The columnar crystals constituting the
scintillator units 30 and 30a are formed through crystal
growth from the bottom surface 12a of the concave section 12
in the incidence direction of the radiation R. The scintillator
unit 30 forms a convex shape (a substantially triangular cross-
section) having a thickness that increases from corners of the
concave section 12 (connecting portions between the side
surfaces 115 of the convex section 11 and the bottom surface
12a of the concave section 12) toward a center in the width
direction of the concave section 12. The scintillator unit 30a
forms a convex shape (a substantially conical shape), a thick-
ness of which is largest at the center point of the crossing
region C of the concave section 12 and reduces away from the
center point. Further, the scintillator units 30 and 30a may
come in contact with the second portion 22 to support the
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columnar crystal C2 ofthe second portion 22 extending from
the side surface 115 of the convex section 11 from the bottom
surface 12a side of the concave section 12. In connection with
this, the columnar diameter of the columnar crystal of the
portion of the second portion 22 in contact with the scintilla-
tor unit 30 is smaller than the columnar diameter R1 of the
columnar crystal C1 of the first portion 21. The scintillator
units 30 and 304 may be partially or entirely solidified after
being melted by radiation of the laser beam.

Next, a method of manufacturing the scintillator panel 1
will be described with reference to FIGS. 5 to 8. First, the
plurality of convex sections 11 and the concave section 12
defined by the convex sections 11 are formed on the front
surface 10a of the substrate 10 (a first process). When the
concavo-convex pattern Pa is formed, a base material serving
as the substrate 10 is prepared, and as shown in FIG. 5, a
material of the concavo-convex pattern Pa is applied and dried
on the base material. Next, the concavo-convex pattern Pa is
formed on the base material through photolithography to
manufacture the substrate 10 having the concavoconvex pat-
tern Pa of a predetermined dimension (the first process). Here,
the concavo-convex pattern Pa is formed in which the convex
section 11 protrudes in a predetermined direction from the
rear surface 105 of the substrate 10 toward the front surface
10a (here, an incidence direction of the radiation R and a
direction perpendicular to the front surface 10a or the rear
surface 105 of the substrate 10). In addition, as the convex
sections 11 are arranged in a two-dimensional array in the
X-axis direction and the Y-axis direction, as shown in FIG. 6,
the concave section showing a rectangular lattice shape when
seen in a plan view are formed. Further, the concavo-convex
pattern Pa may be formed on the base material through screen
printing.

Next, as shown in FIG. 7, as the columnar crystals C1 and
C2 of the scintillator material referred to as Csl are grown,
scintillator units 40 extending in a predetermined direction
from the convex sections 11 of the substrate 10 (here, in the
incidence direction of the radiation R and the direction per-
pendicular to the front surface 10a or the rear surface 106 of
the substrate 10) are formed (a second process). Here, the
scintillator units 30 and 304 are formed on the bottom surface
12a of the concave section 12 of the substrate 10 through
crystal growth (a fourth process). The scintillator unit 40 is
formed to include a first portion 41 having a rectangular shape
to correspond to a shape of the convex section 11 when seen
in a plan view, and a second portion 42 having a rectangular
ring shape to cover side sections of the first portion 21 when
seen in a plan view. The scintillator unit 40 is a portion that
becomes the scintillator unit 20 (to be described below).

Here, the crystal of the scintillator material is grown until
the scintillator unit on the upper surface 11a of the convex
section 11 arrives at a predetermined height (for example, 100
pum to 600 um). Accordingly, as shown in FIG. 7, the plurality
of scintillator units 40 separated from each other at a portion
closer to the base end side than the height T1 (a portion that
will become the above-mentioned lower section 225) and in
contact with each other at a portion closer to the front end side
than the height T1 (a portion that will become the above-
mentioned upper section 22a) are formed. As a result, the
plurality of scintillator units 40 having boundary surfaces
serving as contact portions 43 are formed. The scintillator
unit 30 is formed in the concave section 12 except for the
crossing region C. The scintillator unit 30q is formed in the
concave section 12 in the crossing region C. The scintillator
unit 30q is formed to have a larger thickness than the scintil-
lator unit 30.
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The scintillator units 30, 30a and 40 are formed on the
substrate 10 by depositing the scintillator material referred to
as Csl through, for example, vacuum deposition. As various
deposition conditions (a vacuum level, a deposition rate, a
substrate heating temperature, an angle of a vapor flow, and so
on) are controlled, the above-mentioned scintillator units 30,
30a and 40 are formed on the concavo-convex pattern Pa. The
scintillator units 20, 30, 302 and 40 can also be formed using
a vapor phase deposition method, in addition to the vacuum
deposition.

Next, the laser beam L is radiated to the contact portions 43
of'the scintillator units 40 extending from the adjacent convex
sections 11, and the scintillator units 40 are separated from
each other by scanning the concave section 12 with a laser
beam L (a third process). FIG. 8 is a view showing a process
of separating the scintillator units 40 using the laser beam L.
As shown in FIG. 8, as the contact portions 43 of the scintil-
lator units 40 are scanned with the laser beam L in the X-axis
direction and the Y-axis direction, the laser beam L is radiated
to the contact portions 43 of the scintillator units 40 extending
from the adjacent convex sections 11. A part of the second
portion 42 of the scintillator unit 40 is cut and removed by
radiation of the laser beam L to separate the scintillator units
40 from each other. According to the scanning with the laser
beam L, in the crossing region C of the concave section 12, as
scanning with the laser beam L is performed in the X-axis
direction and the Y-axis direction, the laser beam L is radiated
two times. In the contact portions 43 of the scintillator units
40, as the laser beam L is radiated, the plurality of columnar
crystals C2 are fused and adhered to each other. Accordingly,
the fusion-bonding section 22¢ is formed at a part of the
second portion 42 of the scintillator unit 40. In this way, as the
laser beam L is radiated to separate the plurality of scintillator
units 40 from each other, the scintillator units 20 are formed
and the scintillator panel 1 is manufactured.

As the laser beam used herein, for example, a laser beam
having a wavelength of 515 nm, a pulse having a width of 1 ps
and a cyclic frequency of 20 kHz and obtained through sec-
ond harmonic generation (SHG), or a laser beam having a
wavelength of 258 nm, a pulse having a width of 1 ps and a
cyclic frequency of 20 kHz and obtained through fourth har-
monic generation (SHG) may be used.

In this way, as the contact portions of the adjacent scintil-
lator units 20 are scanned with the laser beam, the scintillator
units 20 formed through crystal growth can be spaced apart
from each other (i.e., pixelation of the scintillator units can be
realized). Since the crystal growth is performed in a state in
which the lower sections 225 of the scintillator units 20 are
spaced apart from each other, when scanning with the laser
beam is performed, the laser beam is radiated to only a part of
the upper sections 22a of the adjacent scintillator units 20.

As described above, in the method of manufacturing the
scintillator panel 1 according to the embodiment, as the crys-
tal growth of the columnar crystal of the scintillator material
is performed, the scintillator units 40 extending from the
convex sections 11 of the substrate 10 in the predetermined
direction are formed. For this reason, the scintillator units 40
are formed to be separated from each other by the predeter-
mined height with the upper surface 11a of the convex section
11 as the origin, and in contact with each other from the
predetermined height to over the concave section 12. Accord-
ingly, as the concave section 12 is scanned with the laser beam
L, when the laser beam L. is radiated to the contact portions 43
of'the scintillator units 40 to separate the scintillator units 40
from each other, the scintillator units 20 having an increased
thickness are obtained. In addition, according to separation of
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the scintillator units 40, since the laser beam may be prefer-
ably radiated to only the contact portion 43, deterioration of
the crystal can be suppressed.

In addition, in the method of manufacturing the scintillator
panel 1 of the embodiment, since the scintillator unit 30
formed on the bottom surface 12a of the concave section 12
functions as a protective film, for example, when the substrate
10 is the sensor panel, damage to interconnections or the like
installed on the sensor panel when the laser beam L is radiated
can be prevented. In particular, in the method of manufactur-
ing the scintillator panel 1 according to the embodiment,
when the lattice-shaped concave section 12 is scanned with
the laser beam L, since the scintillator unit 30a having a
relatively large thickness functions as the protective film in
the crossing region C of the concave section 12 to which the
laser beam L is radiated twice, damage to the interconnec-
tions or the like installed on the substrate (the sensor panel) 10
can be more securely prevented.

The above-mentioned embodiment has been described as
anembodiment of the scintillator panel according to an aspect
of the present invention. Accordingly, aspects of the present
invention are not limited to the above-mentioned scintillator
panels 1 to 1C, Aspects of the present invention may include
arbitrary modifications of the above-mentioned scintillator
panel 1 or applications to other scintillator panels without
departing from the spirit of the present invention.

For example, in the above-mentioned embodiment, while
the case in which the aspect of the present invention is applied
to the scintillator panel has been described, the aspect of the
present invention may be applied to the radiation detector
including the above-mentioned scintillator panel or the like.
In this case, the radiation detector may include the above-
mentioned scintillator panel 1, and the substrate 10 may be
the sensor panel (the TFT panel or the CMOS image sensor
panel) including the plurality of photoelectric conversion ele-
ments arranged to optically couple to the scintillator unit 20.

In this case, for example, the convex sections 11 corre-
sponding to the pixels of the TFT panel or the CMOS image
sensor serving as the substrate 10 are formed, and the scin-
tillator units 20 and 30 are formed thereon. The material ofthe
convex section 11 and the method of forming the same are as
described above. Here, the convex sections 11 may be con-
stituted by the material having permeability with respect to
the scintillation light generated in the scintillator unit 20.

According to the above-mentioned radiation detector,
since the above-mentioned scintillator panel 1 is provided,
characteristics can be improved. In addition, since the sub-
strate 10 is the sensor panel including the photoelectric con-
version elements, when the convex section 11 is directly
formed on the photoelectric conversion elements to form the
scintillator unit 20, there is no need to stick the scintillator
panel and the sensor panel, which are separately prepared,
together.

REFERENCE SIGNS LIST

1 . . . scintillator panel, 10 . . . substrate (sensor panel),
11 . . . convex section, 11a . . . upper surface, 115 . . . side
surface, 12 . . . concave section, 12a . . . bottom surface, 20,
40 . . . scintillator unit (first scintillator unit), 22¢ . . . fusion-
bonding section, 30 . . . scintillator unit (second scintillator
unit), 30a . . . scintillator unit, 43 . . . contact portion, C . . .
crossing region, C1, C2 . .. columnar crystal, R . . . radiation.

The invention claimed is:

1. A method of manufacturing a scintillator panel config-
ured to convert radiation into scintillation light, the method
comprising:
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afirst process of forming a plurality of convex sections that
protrude in a predetermined direction from a rear surface
toward a front surface and concave section defined by
the convex sections, on the front surface of the substrate
having the front surface and the rear surface;

a second process of forming first scintillator units respec-
tively extending from the convex sections of the sub-
strate in the predetermined direction through crystal
growth of a columnar crystal of a scintillator material;
and

athird process of radiating a laser beam to contact portions
of'the first scintillator units extending from the adjacent
convex sections and separating the first scintillator units
extending from the adjacent convex sections by scan-
ning the concave section with the laser beam.

2. The method of manufacturing the scintillator panel
according to claim 1, further comprising, before the third
process, a fourth process of forming second scintillator unit
on bottom surfaces of the concave section of the substrate.

3. The method of manufacturing the scintillator panel
according to claim 2, wherein,

in the first process, the concave section defined in a lattice
shape are formed on the front surface of the substrate by
forming the convex sections to be arranged on the front
surface of the substrate in a two-dimensional array, and

in the fourth process, a thickness of the second scintillator
unit in a crossing region of the concave section is larger
than a thickness of the second scintillator unit at a posi-
tion other than the crossing region.

4. A scintillator panel configured to convert radiation into

scintillation light, the scintillator panel comprising:

a substrate having a front surface and rear surface, the
substrate is formed with a plurality of convex sections
protruding from the front surface in a predetermined
direction from the rear surface toward the front surface,
and concave section defined by the convex sections; and

a plurality of first scintillator units respectively extending
from the convex sections in the predetermined direction
and separated from each other,

wherein the first scintillator units are respectively formed
through crystal growth of a plurality of columnar crys-
tals on the convex sections, and

at least a part of the columnar crystals constituting the first
scintillator unit over bottom surface of the concave sec-
tion are fused and adhered to each other through radia-
tion of a laser beam.

5. The scintillator panel according to claim 4, further com-
prising second scintillator unit formed on the bottom surfaces
of the concave section of the substrate.

6. The scintillator panel according to claim 5, wherein the
convex sections are arranged on the front surface of the sub-
strate in a two-dimensional array,

the concave section is defined on the front surface of the
substrate by the convex sections in a lattice shape, and

a thickness of the second scintillator unit in a crossing
region of the concave section is larger than a thickness of
the second scintillator unit at a position other than the
crossing region.

7. The scintillator panel according to claim 5, wherein at
least a part of the second scintillator unit is solidified after
being melted by radiation of the laser beam.

8. A radiation detector configured to detect radiation, the
radiation detector comprising:

a substrate comprising a plurality of photoelectric conver-
sion elements and having a front surface and rear sur-
face, the substrate is formed with a plurality of convex
sections protruding from the front surface in a predeter-
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mined direction from the rear surface toward the front
surface, and concave section defined by the convex sec-
tions, the plurality of convex sections being formed so
that the plurality of convex sections respectively corre-
spond to the plurality of photoelectric conversion ele-
ments; and

a plurality of first scintillator units respectively extending
from the convex sections in the predetermined direction
and separated from each other,

wherein the first scintillator units are respectively formed
through crystal growth of a plurality of columnar crys-
tals on the convex sections, and

at least a part of the columnar crystals constituting the first
scintillator unit over bottom surface of the concave sec-
tion are fused and adhered to each other through radia-
tion of a laser beam.

9. The scintillator panel according to claim 6, wherein at
least a part of the second scintillator unit is solidified after
being melted by radiation of the laser beam.

10. The radiation detector according to claim 8, further
comprising second scintillator unit formed on the bottom
surfaces of the concave section of the substrate.

11. The radiation detector according to claim 10, wherein
the convex sections are arranged on the front surface of the
substrate in a two-dimensional array,

the concave section is defined on the front surface of the
substrate by the convex sections in a lattice shape, and

a thickness of the second scintillator unit in a crossing
region of the concave section is larger than a thickness of
the second scintillator unit at a position other than the
crossing region.

12. The radiation detector according to claim 10, wherein
at least a part of the second scintillator unit is solidified after
being melted by radiation of the laser beam.

13. The radiation detector according to claim 11, wherein
at least a part of the second scintillator unit is solidified after
being melted by radiation of the laser beam.

14. A method of manufacturing a radiation detector con-
figured to detect radiation, the method comprising:

a first process of forming a plurality of convex sections that
protrude in a predetermined direction from a rear surface
toward a front surface and concave section defined by
the convex sections, on the front surface of the substrate
comprising a plurality of photoelectric conversion ele-
ments and having the front surface and the rear surface,
the plurality of convex sections being formed so that the
plurality of convex sections respectively correspond to
the plurality of photoelectric conversion elements;

a second process of forming first scintillator units respec-
tively extending from the convex sections of the sub-
strate in the predetermined direction through crystal
growth of a columnar crystal of a scintillator material;
and

a third process of radiating a laser beam to contact portions
of the first scintillator units extending from the adjacent
convex sections and separating the first scintillator units
extending from the adjacent convex sections by scan-
ning the concave section with the laser beam.

15. The method of manufacturing the radiation detector
according to claim 14, further comprising, before the third
process, a fourth process of forming second scintillator unit
on bottom surfaces of the concave section of the substrate.

16. The method of manufacturing the radiation detector
according to claim 15, wherein,

in the first process, the concave section defined in a lattice
shape are formed on the front surface of the substrate by
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forming the convex sections to be arranged on the front
surface of the substrate in a two-dimensional array, and

in the fourth process, a thickness of the second scintillator
unit in a crossing region of the concave section is larger
than a thickness of the second scintillator unit at a posi- 5
tion other than the crossing region.
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